Here we proposed the hypothesis that hypervirulent colistin resistant K.pneumoniae (ColR-Kp) exhibit 17 high number of virulence factors and have enhanced survival capacity against neutrophil activity.
Introduction

43
Colistin resistant hypervirulent Klebsiella pneumonia (HvKp) infections are one of the emerging threats 44 in public health because of high fatality rates (1-3). The ST101 and ST395 clones of K.pneumonia are 45 known as hypervirulent clones (4-7), and reported to be significant predictors of the mortality (8). The 46 leading virulence factors of HvKp are mostly associated with capsular serotype, muco-viscosity, iron 47 uptake systems and allantoin metabolism (9) (10) (11) . Enhanced adhesion and attachment by fimbria and 48 non-fimbrial-structures promote pathogenicity of K.pneumoniae as well (9, 12) .
50
Iron uptake system is essential for survival and dissemination of pathogens during infections. These 51 systems have also a significant effect on host inflammatory response (13) . The neutrophils as the 52 important cells of the immune defense, kill pathogens by engulfment or release of extracellular traps 53 (NETs) (14) . The function of NETs is to trap bacteria and promote extracellular killing by minimizing 54 damage to host cells (14) . A previous study reported that low phagocytic activity of neutrophils 55 contributes to the success of carbapenem-resistant HvKp ST258 clone (15). However, our knowledge 56 on immune escape mechanisms of colistin-resistant hypervirulent K.pneumoniae (ColR-HvKp) is very 57 limited (10, 11) . By this study, we aimed to describe the role of the major virulence factors of ColR-
58
HvKp and their interaction with the neutrophils. Our results will provide an insight to depict the 59 pathogenesis of the HvKp infection. 
73
Colistin resistance was studied by broth microdilution and breakpoint for resistance was set to >2 mg/L 74 (16) . Carbapenemase genes of OXA-48, NDM-1, KPC were examined by multiplex-PCR, and amplicons 75 were sequenced (17). The mcr-1 was screened by PCR described by Liu et al (18) .
76
Genotyping of the isolates was carried out by MLST comparing seven housekeeping genes (phoE, gapA, 77 rpoB, tonB, inf, mdh, and pgi) 
80
Virulence genes of type-1 and type-3 adhesins (FimH-1, mrkD), enterobactin biosynthesis (entB), 81 aerobactin receptor (iutA), yersiniabactin receptor (fyuA), yersiniabactin biosynthesis (ybtS), ferric 82 uptake operon associated gene (kfu), regulator of mucoid phenotype A (rmpA), capsule type 1 (magA), 83 capsule type2 (K2Wzy), capsule type 5 (K5wzx), outer core lipopolysaccharide biosynthesis (wabG) and 84 allantoin metabolism (allS) were screened by PCR using primers described previously (19) 85 86 Phagocytosis assays 87 For phagocytosis assays, 10 ybtS + -kfu + , eight ybtS --kfu -, two ybtSkfu + , and one ybtS + kfuisolates were 
103
Detection of Neutrophil Extracellular Traps
Two ybtS + -kfu + and two ybtS --kfuisolates were selected for NETosis experiments. Neutrophils (2 x 10 5 105 cells) incubated for 1 hour at 37 0 C for attachment to the surface. After incubation, 6 x 10 6 bacteria 106 were added on neutrophils and incubated 90 minutes at 37 0 C for NET generation (1:30) . A portion of 107 each cell was fixed and permeabilized with 4% BSA and 0,2 % Triton X-100. After blocking, the cells 108 were stained with Mouse Anti-Human Myeloperoxidase (Santacruz, Germany) and Rabbit Anti-Human
109
Histone-H3 (Abcam, USA) antibodies for one hour. Rabbit Anti-mouse Alexa-Fluor 594 (Biolegend, USA) 110 and Goat Anti-rabbit Alexa-Fluor 488 (Thermo Scientific, USA) were used as secondary antibodies.
111
Fluoreshield medium with DAPI (Abcam, USA) was used for mounting and analyses were performed 112 under confocal microscope (Leica dmi8/Sp8, Germany). K. pneumoniae ATCC700831 was used as 113 control. The remaining part was assessed for the viability of the bacteria after NET formation. Cell 114 suspensions were cultured on tryptic soy agar by 10 fold dilutions and colony count/ml was recorded.
116
Statistical analysis 117 Statistical analysis was performed using the statistical software package R. In univariate analyses, we 118 used Wilcoxon rank-sum test for continuous covariates and Fisher's exact test for discrete covariates.
119
In multivariate analyses, logistic regression was performed using the variables that were detected to 120 be significant in univariate analyses. All the results of statistical analysis are available at the 121 supplementary file (https://midaslab.shinyapps.io/klebsiella_pneumoniae_virulence_analysis/) 122 123
Results
124
In this study, 142 patients with colistin resistant K.pneumoniae infection out of 710 (20%) were 125 analyzed ( Figure 1 ). In study group, 84% of the patients stayed in ICU, bacteremia was detected among 126 43% of the patients and 47% of them had ventricular associated pneumonia (VAP). The median age of 127 the patients was 61 and 58% of the patients were male. The 30-day mortality was 51%.
129
All the isolates were resistant to colistin, with MICs between 4 and 256mg/L. The majority of ColR-Kp 130 belonged to ST101 (56%) and ST395(11%) HvKp, and the others distributed to various ST clones 131 (minimum spanning tree in supplement) The patients infected with ST101 ColR-Kp had more VAP (56%, 132 p=0.006), had higher 30-day mortality rate (58%p=0.005) than other clones. The mortality rate among 133 ST395 type K.pneumoniae infected patients was 75% (p=0.003) ( Table 1) .
135
Among virulence factors, ferric uptake operon associated gene (kfu) and yersiniabactin (ybtS) 136 components of iron uptake systems were found to be significantly higher in ST101 and ST395 ColR-Kp 137 compared to the other clones. The ybtS and kfu positivity were 99% in ST101 (p=<0.001) and 94% in ST395 clones (p<0.012). The mucoid type associated gene (rmpA) and fimH type adhesin were also 139 significantly higher in ST101 with the percentage of 89%, (p=0.005) and 99 %, (p=0.024), respectively.
141
The carriage of OXA-48 carbapenemase was significantly higher (95%, p=0.003) in ST101 than the other 142 clones (76%), however it was found to be very low (31%, p=0.002) in ST395 clone . On the contrary,
143
NDM-1 production was significantly higher in ST395 (88%, p<0.001), and lower in ST101 (4%, p<0.001) 144 than the other clones(30%) ( 
152
The phagocytosis experiments showed that ybtS and kfu positive ColR-Kp were internalized at higher 153 rates (median=78%) while negative isolates exhibited low phagocytosis rates (median=65%) after 30 154 minutes of interaction with neutrophils (p<0.001, Figure 2 ). The phagocytosis rates of S.epidermidis 155 and K.pneumomniae ATCC controls were 89% and 73%, respectively. Survival of kfu + -ybtS + positive 156 ColR-Kp was significantly higher than negative isolates with median survival index of 7.90 (range:3.29-urgently needed in order to prevent and treat infections. One of the most promising strategies is 174 inhibition of virulence factors. Here, we demonstrated the role of iron uptake systems in virulence of 175 ColR-HvKP ST101 and ST395 clones.
177
We determined significantly higher iron uptake associated gene (kfu) and yersiniabactin (ybtS) 178 positivity in ST101 (99%) and ST395 (94%) isolates (p<0.001, and p=0.012, respectively). These genes 179 were found to be associated with 30-day mortality. Yersiniabactin type siderophore is encoded in high 180 pathogenicity island which is responsible for high mortality and dissemination of infections (20, 21) . It 
201
Another significant finding of our study was NET release from neutrophils after encountering kfu + ybtS + 
216
In this study, the 30-day fatality of ST101 and ST395 were 58% and 75%. K.pneumoniae ST101 is known 217 as hypervirulent clone mostly responsible for pneumonia and bacteremia in intensive care units. (30, 218 31). In our study, ColR-HvKP ST101 isolates were found to be associated with VAP infections (p=0.009).
219
In one of our previous studies, 30 day fatality of infections with ST101 K.pneumoniae was found to be 220 72% (30). The ST395 clone is known as a potentially high-risk clone (32), and recent studies pointed 221 out the emergence of carbapenem-resistant ST395 in France and Italy (33, 34) . KPC-2 producing ST101 222 K. pneumoniae was shown to have the highest number of virulence genes associated with capsule 223 type, attachment and iron uptake than the other epidemic clones of K.pneumonia (10). Similarly, we 224 observed more virulence genes for iron uptake system, attachment and mucoid phenotype among 225 isolates belonged to ST101 and ST395 than the other clones (heatmap, supplement).
227
Our novel findings in depiction of pathogenesis of HvKp strains should be supported by the animal 228 studies. Particularly, an animal lung infection model should be developed.
230
In conclusion, iron uptake systems have a significant contribution to the pathogenesis hypervirulent 
